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ENHANCED SURFACE COVERINGS, YARNS AND METHODS 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation in part of co-pending application 
10/327,724 filed December 23, 2002 the contents of which are hereby incorporated by 
reference herein in their entirety. This application also claims the benefit of and priority 
from U.S. provisional application 60/500,529 filed September 5, 2003 the contents of 
which are hereby incorporated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a process for manufacturing an improved 
or enhanced surface covering such as a carpet and the carpet manufactured thereby. 
More specifically, the present invention relates to a process for forming a carpet wherein 
the carpet comprises a combination of fibers with at least one fiber being lower melting 
than the other fiber or fibers and printing or dyeing this carpet. The invention also 
relates to a carpet and related formation process wherein the carpet includes pile yarns 
including a combination of wool fiber and at least one low melt polymeric fiber 
constituent having a melting point such that it may be heat activated to at least partially 
fuse the wool fibers together thereby enhancing printability and reducing shedding of the 
wool during use. 

[0003] It has been known in the art to combine various yarns to form a composite 
yarn for carpet production. Examples of such teachings include U.S. Pat. No. 5,336,562, 
issued to Forero, wherein polyethylene filaments and polypropylene filaments are 
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combined in a "parallelized" orientation. The parallel fibers are then heated to an excess 
of 120°C to melt the polyethyelene filaments. Yarns such as these are dyed prior to 
incorporation into a carpet. Dyeing prior to carpet formation, weaving or tufting, is 
highly undesirable since inventory must be maintained for each fiber color. 
Furthermore, the ability to custom manufacture carpet and the selection of designs and 
patterns is severely hindered. 

[0004] Other yarns have been used to manufacture carpet in either a colorless 
form or in a generic color. The carpet is then overcoated with a pattern, or color, by 
printing or dyeing, on demand. This process greatly decreases the items that must be 
maintained in inventory and thereby decreases manufacturing cost. A superior form of 
jet dyeing of carpet in a pixelated fashion has been achieved using a Millitron™ jet dye 
machine by Milliken & Company of Spartanburg, South Carolina. Techniques for 
printing carpet are known and exemplified in U.S. Pat. Nos. 3,894,413; 5,142,481 and 
6,120,560 which are incorporated herein by reference thereto. While these methods have 
greatly increased the manufacturing efficiency, the pattern resolution is limited, in part, 
by carpet sueding. Carpet fibers have a tendency to bend or lay over. If the pile or yarns 
are not all oriented similarly, one section may appear to be a different shade than the 
surrounding area. While this is common in finished carpet the ability of a carpet to 
suede or for the pile to be oriented other than vertical greatly decreases the resolution of 
any image that can be printed or dyed on the carpet. If for example, two regions are 
sueded differently the dye will be partially applied to the side of the sueded fibers instead 
of at the tuft head, or top, of the fiber. Therefore, the limiting resolution of the printing 
process is determined, in part, by the ability of the carpet to suede, pile lay, pile 
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orientation, etc. 

[0005] Sueding can be eliminated, or mitigated, by increasing the brittleness of 
the carpet fibers. This is contrary to desires in the art since the more brittle carpet is 
considered to be deficient with respect to comfort factors typically desired in carpet. For 
example, a harder or more brittle carpet may not be viewed as soft or plush. 

[0006] Yet another problem in the art is the inconsistency with which carpet 
fibers absorb dye. One approach to circumvent this deficiency is to utilize ever softer 
fibers which absorb dyes more readily. Softer fibers have a higher tendency to suede and 
therefore resolution is still limited. 

[0007] Still another problem which has been encountered in carpet manufacturing 
has been in the shedding of carpet fibers when the pile yarn incorporates high 
percentages of wool. While wool is soft and provides a plush luxurious pile, it has been 
common that fibers within the pile yarns tend to shed away from the yarn during use. 
This results in the undesirable accumulation of large quantities of loose wool fiber across 
the surface of the carpet which must be frequently removed by vacuuming. Such 
shedding also results in the gradual degradation of the pile thereby reducing the overall 
pile density. 

[0008] There has been a long felt desire in the art for a carpet, and a process for 
preparing carpet, wherein the carpet can be printed or dyed to a high degree of definition, 
or high resolution, yet which still has the features associated with comfort. 
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BRIEF SUMMARY OF THE INVENTION 



[0009] It is an object of at least one embodiment of the present invention to 
provide a carpet, and process for manufacturing the carpet, which allows for high 
resolution printing or dyeing and that maintains high resolution after wear. 

[00010] It is another object of at least one embodiment of the present invention to 
provide a carpet, and process for manufacturing the carpet, which has excellent 
wearability and a durable high resolution image. 

[00011] It is another object of at least one embodiment of the present invention to 
provide a carpet, and process for manufacturing the carpet, which allows for the use of 
high wool content pile yarn while reducing the occurrence of shedding. 

[00012] A particular feature of at least one embodiment of the present invention is 
the ability to decrease inventory while still being able to provide carpet with a pattern 
that is selected on demand and wherein the pattern is a high resolution pattern that is 
durable and remains high resolution after wear. 

[00013] These and other advantages are provided in selected process for forming a 
carpet, and the carpets formed thereby. A first process includes forming a thread or yarn 
comprising low melt fiber or filament and high melt fiber or filament. The thread is then 
heated (heat set) above a temperature sufficient to melt the low melt fiber. The thread is 
tufted in a carpet backing to form a tufted carpet. The tufted carpet is then printed or 
dyed with an image. 

[00014] In accordance with another embodiment of a process for forming printed 
or dyed carpet, and the carpet formed thereby, the process comprises the steps of forming 
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a blended fiber comprising at least one low melt fiber and at least one high melt fiber. A 
thread or yarn is formed of the blended fiber. The thread is heated above a temperature 
sufficient to melt the low melt fiber. The thread is tufted in a carpet backing to form a 
tufted carpet. Then, an image is printed or dyed on the tufted carpet. 

[00015] In yet another embodiment of a process for forming printed carpet, and the 
carpet formed thereby, the process comprises the steps of forming a thread or yarn from 
at least one high melt fiber. The thread is passed through a doubling or winding process 
wherein at least one low melt fiber is incorporated into the thread. The combined thread 
is heated above a temperature sufficient to melt the low melt fiber. The heated thread is 
tufted in a carpet backing to form a tufted carpet. Then, an image is printed or dyed on 
the tufted carpet. 

[00016] In still another embodiment of a process for forming printed carpet, and 
the carpet formed thereby, the process comprises the steps of forming a thread from a 
high melt fiber, passing the thread through a ring spinning process wherein a low melt 
fiber is incorporated into the thread. Next, the thread is heated above a temperature 
sufficient to melt the low melt fiber. The thread is tufted in a carpet backing to form a 
tufted carpet. Then, an image or pattern is printed on the tufted carpet. 

[00017] Still another process includes forming a yarn comprising wool in 
combination with a low melt fiber or filament constituent. The yarn is then heated (heat 
set) above a temperature sufficient to melt the low melt fiber such that the low melt fiber 
provides a degree of fusion bonding between at least a portion of the wool fibers. The 
yarn is tufted in a carpet backing to form a tufted carpet. The tufted carpet is then dyed 
or printed with an image. 
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[00018] In another embodiment the process comprises the steps of forming a thread 
or yarn from wool fibers. The thread is passed through a doubling or winding process 
wherein at least one low melt fiber is incorporated into the thread or yarn to form a heat 
fuseable yarn structire. The heat fiiseable yarn structure is heated above a temperature 
sufficient to melt the low melt fiber and fuse at least a portion of the wool fibers 
together. The fused yarn structure is tufted in a carpet backing to form a tufted carpet. 
Then, the tufted carpet is dyed or printed. 

[00019] In still yet another embodiment the process comprises the steps of forming 
a thread or yarn from wool fiber, passing the thread through a ring spinning process 
wherein a low melt fiber is incorporated into the thread or yarn to form a heat fuseable 
yarn structure. Next, the heat fuseable yarn structure is heated above a temperature 
sufficient to melt the low melt fiber and fuse at lest a portion of the wool fibers together. 
The fused yarn structure is is tufted in a carpet backing to form a tufted carpet. Then, the 
tufted carpet is dyed or printed. 

[00020] In accordance with the present invention, the addition of a "low melt" 
polyester or nylon fiber or filament (such as manufactured by Solutia) during the yarn 
manufacturing process results in a yarn after the heatset process that has enhanced fiber 
cohesion as well as improved end point definition and optical color evenness when put 
into a carpet base and dyed by a jet dye machine. Both stape and filament low-melts will 
work but the filament low-melt is preferred. 

[00021] It is contemplated that even after extended wear tests, the carpet of the 
present invention shows less evidence of "sueding" - a phenomenon in typical carpet 
where over time the yarn bundles begin to weaken and bend, resulting in wear on the 
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non-tip surface of the yarn resulting in worn/pulled/broken fibers. These broken fibers 
give a muted appearance to the carpet which changes to another shade when a hand or 
vacuum is run over the carpet (hence the term "sueding"). The present invention reduces 
this problem. 

[00022] In addition, it is contemplated that the carpet of the present invention will 
be characterized by reduced fiber shedding of the wool fiber consituent due to the fusion 
bonding by the low melt constituent. A reduction in fiber shedding, in turn, reduces fiber 
loss over time and increases overall life. 

[00023] Additionally, the yarn of the present invention enhances any jet dyeing 
operation due to the nature of the yarn being more erect in the carpet at the dyeing 
process, hence the dye which is streamed to exact points on the carpet face is more apt to 
be applied where, and in the quantities, intended. 

[00024] Other objects of the invention are to enhance the dyeability of carpet, the 
appearance of the carpet over time, both the color and the patterning detail, and the life 
of the yarn bundle itself 

[00025] In at least one embodiment, the present invention provides one or more of 
the following advantages: 

[00026] 1) Extends the effective life of carpet, an advantage for the consumer 
and an environmental enhancement (less landfill, less recycling.) 

[00027] 2) By being added at the beginning of the product cycle, eliminates 
the need for elaborate rollers, steaming and the like at pre-dyeing to stand the fiber 
bundles upright for dyeing. 

[00028] 3) Enables greater detail in dyeing patterns when combined with 
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proprietary dyeing processes such as the Millitron™ jet dye machine. 

[00029] 4) Addresses the "sueding" problem eliminating the need for post 
installation shearing of carpet to remove broken or loose fibers to return the original 
appearance to the carpet. 

[00030] 5) Addresses shedding thereby reducing the rate of wear and the 
frequency of required vacuuming. 

[00031] In accordance with at least one embodiment, the present invention allows 
for the twist lock of multiple yarn plies together, reduces sueding of spun carpets, and 
allows an insert fiber to be added to yarn on existing equipment and processes. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[00032] Fig.lA is a block diagram illustrating, schematically, an exemplary carpet 
manufacturing process of the present invention. 

[00033] Fig. IB is a block diagram illustrating, schematically, a second exemplary 
carpet manufacturing process of the present invention. 

[00034] Fig. 2A is a schematic representation of a thread comprising fibers prior to 
heat set. 

[00035] Fig. 2B is a schematic representation of a thread comprising fibers after 
heat set. 

[00036] Figs. 3A-B are schematic cross-sectional representations of tufted carpet 
wherein the fibers are intermingled in Fig. 3A and discrete in Fig. 3B. 

[00037] Figs. 3C-D are respective, schematic, top view representations of the 
tufted carpet of Figs. 3A-B wherein the tuft heads, are intermingled in Fig. 3C and 
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discrete in Fig. 3D. 

[00038] Fig. 4 is a block diagram of a first preferred process for preparing fibers of 
the present invention. 

[00039] Fig. 5 is a block diagram of another preferred process for preparing fibers 
of the present invention. 

[00040] Fig. 6 is a block diagram of yet another preferred process for preparing 
fibers of the present invention. 

[00041] Fig. 7 is a block diagram of a substrate pattern dying process and 
apparatus embodying at least one embodiment of the instant invention. 

[00042] Fig. 8 is a cross-sectional schematic depiction of a solid shade dyer of a 
kind that may be used to practice the instant invention. 

[00043] Fig. 9 is a schematic diagram of a textile patterning device that uses a 
plurality of computer controlled discrete streams of liquid dye arranged in a series of 
color-specific arrays that span the path of the moving substrate to be patterned; and, it 
represents one example of a patterning means useful in the practice of the instant 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[00044] In accordance with the present invention, a process for manufacturing a 
carpet that greatly increases manufacturing efficiency and the resolution with which a 
durable image can be printed or dyed on the carpet has been discovered. 

[00045] In accordance with at least one preferred embodiment, the present 
invention is directed to a carpet comprising a composite fiber, thread or yarn printed or 
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dyed in pixelated form. The composite fiber, thread or yarn comprises a low melt fiber 
and at least one high melt fiber. 

[00046] Exemplary processes for manufacturing a tufted carpet will be described 
with reference to Figs. 1A and IB. With reference to Fig. 1A, the primary carpet fiber 
such as nylon, wool or wool blend is initially prepared for use, at 200, as known in the 
art. The primary carpet fiber is preferably a standard or high melt nylon, wool or a blend 
of high melt nylon with wool. Although nylon (polyamide, nylon 6 or nylon 6,6), wool, 
or nylon wool blends are preferred, it is contemplated that any natural or synthetic fiber 
or filament or blend may be used. By way of example only, one contemplated blend 
which incorporates a relatively high wool content contains about 25% high melt point 
nylon blended with about 75% wool. Another contemplated primary carpet fiber blend 
contains about 80% nylon and about 20% wool. Of course, blends with higher and lower 
percentages of high melting point nylon and wool ranging from 100% high melting point 
nylon to 100% wool may likewise be utilized in the primary fiber. The primary fiber is 
blended with adjuvants or additives as desired, at 201. In one embodiment, illustrated in 
Fig. 1A, a low melt fiber 202 is incorporated with the primary fiber as a blend at 201. 
The blended fiber is then manufactured into a thread or yarn, at 203. Alternatively, in a 
preferred embodiment, a low melt fiber 204 is incorporated with the thread or yarn 
during the yarn manufacture as indicated at 203 of Fig. IB. 

[00047] With reference to Figs. 1A and IB, the resultant yarn, comprising a high 
melt polymeric fiber constituent and/or wool fiber constituent and at least one secondary 
low melt fiber constituent, is heat set. The heat set temperature is chosen to be 
sufficiently high to melt the low melt fiber but not high enough to damage the wool or 
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melt any high melt polymeric fiber. For the purposes of the present invention, the 
preferred low melt fiber has a melting point below about 160°C and the preferred high 
melt fiber has a melting point above about 160°C. 

[00048] Next, the heat set yarn or thread is tufted into a carpet backing as 
illustrated at 206. The tufted carpet is then printed or dyed, preferably by a pixelated 
printing system which will be more thoroughly described herein. 

[00049] The heat setting or heat fusing of the yarn comprising at least one high or 
standard melt fiber and at least one low melt fiber is theorized to create tie points 
between fibers or filaments. The result is a thread or yarn which has less spread, 
particularly at the end or yarn head, and which can, for example, be used in a higher 
density in the carpet. A schematic representation of the threads prior to heat set is 
provided in Fig. 2A and after heat set in Fig. 2B. It is observed that the high melt and 
low melt fibers, 301 and 302, are independent intermingled fibers prior to heat set but 
tied together, presumably at tie points, 303, after heat set. The low melt fiber is 
theorized to at least partially melt and adhere to the high melt fiber or fibers. Upon 
cooling the adhesive bonds remain. 

[00050] The advantages of heat setting a thread comprising one or more low melt 
fibers and one or more high melt fibers and/or wool is illustrated schematically in Figs. 
3A-D. Fig. 3A is a side view representing a cross-sectional cut of a tufted carpet tufted 
with a conventional yarn without low melt fiber, while Fig. 3B is a similar view 
representing the tufted carpet of the present invention with yarn with low melt fiber. Fig. 
3C is a top view of the yarn of Fig. 3 A and Fig. 3D is a top view of the yarn of Fig. 3B. 
As can be seen, the upper surface of the yarn, or yarn head, is more compact when low 
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melt fiber is incorporated with the wool, wool blend or high melt fiber followed by heat 
set. In other words, the yarn bundle is more cohesive, tighter, and more erect. The more 
compact area allows a finer tufting and print pattern. A diffuse upper surface, as 
illustrated in Fig. 3C, comprises fibers from adjacent threads or yarns which are 
intermingled. When a high resolution pattern is printed or dyed thereon, the individual 
fibers from adjacent yarn will be translationally mobile thereby diffusing the high 
resolution image. For this reason, the resolution with which carpets could be printed or 
dyed has been previously limited. 

[00051] Also, after wear, the conventional tufted carpet of Figs. 3A and 3C would 
even be more fuzzed, dispersed, frayed, will have even less resolution, and the like. In 
contrast, the fused or tacked yarns of the novel printed or dyed carpet of Figs. 3B and 3D 
will remain more intact, upright, tighter, have better resolution, and the like after wear or 
use. Consequently, the carpet of the present invention not only has better color, image, 
pattern, or design at printing or dyeing, but also looks better after wear or use as 
compared to conventional carpet. 

[00052] The exemplary process for preparing the fibers, threads or yarns of the 
present invention will be described in more detail with reference to Figs. 4-6. In Figs. 4- 
6 the primary fiber or fibers, such as standard or high melt nylon 6, nylon 6,6, and/or 
wool, is typically provided in bales, at 100, as conventional in the art. The fibers are then 
passed through an opener, at 101, as known in the art. The fiber is optionally blended, at 
102, with additives and adjuvants as known in the art. In one embodiment of the present 
invention, one or more low melt fibers 103 is incorporated with the primary fiber during 
the blending step, indicated at 102 in Fig. 4. After blending, the fibers or filaments are 
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passed to a carding process, at 104. In the carding process, the non-oriented, interwoven 
intermingled fibers enter a piked-roller assembly wherein, due to the difference in the 
longitudinal speed of the rollers the fibers are stepwise oriented and unintermingled 
longitudinally. This process makes the fibers relatively parallel and orders the fibers 
longitudinally. After carding, the fibers enter a drafting process, at 105, wherein the 
fibers are stretched or drawn. The drafting is typically done in three steps commonly 
referred to in the art as breaker drafting, intermediate drafting and finisher drafting. The 
stretched fiber then enters a ring spinning operation, at 106, as well known in the art. 

[00053] After spinning, the fibers are doubled or wound, at 107, as known in the 
art. In one embodiment of the present invention, one or more low melt or low melting 
point fibers (LM) 108, is incorporated with the primary fiber constituents in elongate 
fiber form such as an elongate multifilament in the doubling operation as indicated at 
107 of Fig. 5. 

[00054] Strands of doubled fiber are combined in a ring twisting operation, at 109. 
A representative ring twisting operation is available commercially from Saco Lowell as 
the ROVAMATIC. In one embodiment, one or more low melt fibers (LM) 110, is 
incorporated with the primary fiber in elongate fiber form such as an elongate 
multifilament during the ring twisting operation indicated at 109 of Fig. 6. 

[00055] The resultant fiber is heated, at 111, to a temperature sufficiently high to 
melt the low melt fiber but not high enough to melt the wool, high or standard melt fiber 
constituents. A melt temperature of about 60°C to about 160°C is preferred. In a 
particularly preferred embodiment, the fibers are heated to a temperature of less than 
about 120°C. The low melt fiber is preferably a polyamide although polyester and other 
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thermoplastic materials may likewise be used. The preferred low melt polyamide is low 
melting point nylon 6 or nylon 6,6. One particularly preferred low melt insert fiber is 70 
Denier multi-filament low melt nylon sold by Solutia having about 17 fibers per cross- 
section and about 4.1 denier per filament (dpf) having a round shape with a melt point of 
about 11 5°C 

[00056] The preferred standard or high melt fiber component within the yarn (i.e. 
the fiber that does not undergo melting) is preferably standard nylon, high melt nylon, 
wool or a blend of standard and/or high melt nylon and/or wool. The carpet yarn of the 
present invention preferably comprises spun fiber selected from a group consisting of 
nylon, wool, polyester, polypropylene, and blends thereof. The yarn count range is 
preferably about 0.5 to about 8.0 per 1 end. Most preferably the yarn number or count is 
about 3. The yarn preferably has a twist per inch (TPI) of about 1 to about 10. 

[00057] According to one potentially desirable practice, the yarn is a two ply yarn 
which incorporates a low melt nylon filament intermingled with the plies. The 
individual plies are preferably 100% standard or high melting point nylon. Thus, 
according to this practice the yarns are formed substantially entirely of polyamide. By 
way of example, according to one contemplated practice, each ply is characterized by a 
single yarn number or count of about 3.10 with 5.0 twists per inch in the S direction. 
The plied yarn preferably is a two ply construction (two plies plus insert) having a yarn 
number of about 2.9 with 4.5 twists per inch in the Z direction. It is preferred that the 
denier per filament (dpf) range be about 8 to about 28 dpf with about 19 dpf being most 
preferred. The yarns may be 1 to 4 ply. 

[00058] For high wool content the yarn is preferably a multi-ply yarn formed of 
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two or more singles wound with an elongate insert of low melting point polyamide or 
other meltable material. In one potentially desirable construction using a primary fiber 
blend of 25% wool and 75% nylon the single plies are characterized by a yarn number or 
count of about 2.20 with an "S" twist at about 4.5 twists per inch. The final yarn (singles 
plus insert) is characterized by a yarn number of about 1 .90 with a "Z" twist at about 
5.75 twists per inch. The wool is preferably about 25- 40 microns. It is contemplated 
that 1-4 plies may be used. 

[00059] The low melting point material preferably makes up less than 10% and 
more preferably less than 5% of the final yarn. According to a potentially preferred 
practice the low melting point material makes up about 1 percent of the final yarn. 

[00060] With reference to Figs. 4-6, following heat set, the yarn is staged and 
shipped to customers, indicated at 112, or directly tufted in a carpet backing to form 
tufted carpet or carpet products, such as tufted face, carpet, broadloom, runners, area 
rugs, carpet tile, or the like. Carpet tiles are described in U.S. Patent Nos. 4,522,857, 
6,203,881, and 6,468,623 hereby incorporated by reference herein. The yarn of the 
present invention may be used in tufted or bonded carpet. The carpet may be cut pile, 
loop pile, or cut and loop pile. It is preferred that it be used in a tufted cut pile carpet 
that is to be printed or dyed, especially jet dyed by a direct jet or indirect jet dye 
machine. 

[00061] In one contemplated practice using a plied nylon yarn with a low melting 
point constituent as described above, the yarn is tufted through a woven polypropylene 
primary backing at a level of about 43.07 ounces per square yard and finished with a tip 
shear to about 40.33 ounces per square yard. According to another contemplated 



Customer No. 25280 



Case 5505B 



16 

practice using a plied nylon yarn with a low melting point constituent as described 
above, the yarn is tufted through a woven polypropylene primary backing at a level of 
about 32.68 ounces per square yard and finished with a tip shear to about 30.33 ounces 
per square yard. 

[00062] In one contemplated practice utilizing high wool content yarn with a 
primary fiber blend of 25% wool and 75% nylon and low melt insert as described above, 
the carpet is a tufted carpet in which the yarn is tufted through a nonwoven primary 
backing as will be well known to those of skill in the art. The yarn is tufted in a greige 
state at about 35 to 45 ounces per square yard and finished. Following tufting, the yarn 
is preferably tip sheared to remove about 1/64 inch of material and provide a uniform 
surface for subsequent dying and/or printing. By way of example only, in one 
potentially desirable product, the 25% wool, 75% nylon yarn with low melt insert as 
described above is tufted through a nonwoven polypropylene primary backing at about 
39.98 ounces per square yard and finished to about 40.42 ounces per square yard (the 
backing shrinks slightly). In another potentially desirable product, the 25% wool, 75% 
nylon yarn with low melt insert as described above is tufted through a woven 
polypropylene primary backing at about 38.55 ounces per square yard and finished to 
about 35.88 ounces per square yard. 

[00063] As the manufacture of yarn and of carpet from yarn is well known in the 
art and has been widely practiced for decades, further elaboration and further description 
herein is not necessary. 

[00064] The present invention is further directed to a process for forming a carpet 
comprising pixelated printing or dyeing of color, pattern, design, images, text, and/or the 



Customer No. 25280 Case 5505B 

17 

like thereon. 

[00065] With reference to U.S. Patent No. 6120,560 and to Fig. 7 of the drawings, 
one schematic depiction of process steps, sequence or equipment used in one exemplary 
embodiment of printing or dyeing of the yarn or carpet of this invention is described and 
shown. A textile substrate to be patterned, 5 of Figs. 8 and 9, is first subjected to a pre- 
steamer, depicted at 10, which serves to bulk the yarn in the substrate in preparation for 
the solid shade dyeing at stage 12. The solid shade dyeing stage depicted at 12 may be 
carried out using various commercially available devices, so long as the devices are 
capable of uniformly applying and fixing a dye to a textile substrate in a single step. One 
way this can be achieved is by heating the dye, and applying uniformly the hot dye to the 
substrate in a way that allows the hot dye to fix on the substrate with no additional input 
of energy, as from a subsequent steaming step. For example, the dye may be applied by a 
series of individual nozzles or applicators that are effectively placed in close proximity 
to, or in contact with, the surface of the substrate. The nozzles or applicators, in turn, 
may be surrounded by an enclosure that allows the substrate to pass by or contact the 
nozzles or applicators. At the same time, the enclosure serves to prevent the dissipation 
of the thermal energy carried by the heated dye. The result is the dye is sufficiently hot 
as it contacts the substrate that it fixes almost instantaneously (actually, within a few 
seconds) after contacting the substrate, with no additional input of energy. 

[00066] One such arrangement, which is readily available commercially, is 
schematically depicted in Fig. 8. Here, the substrate web 5 passes between solid shade 
dyer 12 and a pneumatically actuated pressure pad or bellow 32. This arrangement 
allows the substrate to contact the dye applicator orifice portion of dyer 12 that is 
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positioned directly opposite bellow 32, and allows the applied heated dye to fix upon 
contact with the substrate. 

[00067] An alternative solid shade dyeing arrangement, also using heated dye, is 
described in detail in U.S. Pat. No. 4,790,043 to Chappell, the disclosure of which is 
hereby incorporated by reference. It is believed other means or techniques, such as using 
heated substrates to achieve or enhance dye fixation, would also be satisfactory under 
appropriate circumstances. 

[00068] It has been found most effective for subsequent patterning if the color 
chosen during the solid shade dyeing step is relatively light and relatively neutral. 
Accordingly, light shades of gray or beige, particularly the latter, are preferred, although 
other colors and shades may be preferable, depending upon the palette of colors to be 
used in the patterning step and the overall patterning effect desired. 

[00069] Although Figs. 7 and 8 show a solid shade dyeing step, it is to be 
understood that this step may be eliminated or skiped or that the yarn may be yarn dyed 
or solution dyed, Beck dyed, or the like. Also, a white or off white yarn (such as natural 
nylon or bleached wool) may go straight to the wet out application 16 or patterning 
device 20 and skip any solid shade dyeing or vacuuming. 

[00070] Following the uniform application and fixing of dye on the substrate in the 
solid shade dyeing step (if any), the substrate is next passed over a vacuum slot or other 
means 14 to remove excess moisture, such as water and condensation resulting from the 
dyeing operation. Following this step, the substrate is prepared for the pattern dyeing 
step 20 by the application of surfactants and other chemicals 16 useful in achieving deep 
color penetration and distinct patterns when the patterns are applied to the substrate 
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using highly localized, discrete streams or drops of ambient temperature liquid dye. The 
exact mix of chemicals at 16 will depend upon a number of factors, including the nature 
of the substrate, the nature and operating parameters of the patterning device used, the 
nature and viscosity of the dye, and other factors. The manner in which these chemicals 
are applied, as depicted at 16, is not critical, so long as the degree of wet pickup is 
satisfactory and the previously dyed surface is not adversely affected. Depending upon 
the results of this step, an additional, optional vacuuming stage 18 or the like may be 
used to remove excess moisture from the substrate prior to patterning. 

[00071] Following steps 16 and/or 18, the substrate is introduced to a dye jet 
patterning device 20, such as depicted in Fig. 9. Substrate 5 is passed over roll 52 and 
onto a conveyer system that allows the substrate to pass before a series of dye applicator 
arrays 54. Each array is fed from a separate dye supply system, and preferably applies a 
different color dye. Accordingly, the eight arrays shown would provide for the use of an 
eight process color palette. It should be remembered, however, that a great many more 
than eight colors can be generated on the substrate, due to various color mixing and 
blending techniques. The details of the patterning device are not believed to be critical. 
Usually, both the substrate, as it passes through patterning device 20 and the dye applied 
to the substrate in patterning device 20 are essentially at ambient temperature. No effort 
is made to introduce thermal or other forms of energy into the dyeing process in an effort 
to fix, either fully or partially, any of the patterning dye until the patterning of the 
substrate is complete and the substrate leaves patterning device 20. 

[00072] The patterning device 20 may be a broadloom patterning device as shown 
in Figure 9 or a carpet tile patterning device as shown in U.S. Patent No. 3,894,413 
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incorporated by reference herein. U.S. Patent No. 3,894,413 shows a jet dyeing 
apparatus including a supply table, jet applicator, steam chamber, water washer, hot air 
dryer, and collection table. Hence, carpet may be dyed in broadloom form, tile form, 
area rug form, runner form, or the like. Further, carpet may preferably be dyed in 
broadloom form and then cut into tiles, rugs, runners, area rugs, and/or the like. 

[00073] Following this patterning operation, the substrate is sent, in turn, to a 
steamer 22, in which the dyes applied during the patterning step are fixed, then to a 
washer 24, where excess dyeing chemicals such as those applied at 1 6 may be removed, 
and finally to a dryer 26, where the substrate may be dried (see Fig. 7). All of these 
devices 22, 24, and 26 may be of any appropriate design. 

[00074] It has been found that postponing the fixing of the patterning dye until the 
patterning is complete provides an opportunity to create an extremely rich and broad 
variety of color effects due to the ability to mix and blend different dyes after they have 
been deposited on the substrate. For example, an area on the substrate carrying unfixed 
dye from one of the applicator arrays can be the target of a different color dye from 
another of the applicator arrays, thereby providing for the in situ blending of the two 
different unfixed dyes. Similarly, the target for the different color dye can be selected 
near the edge of a previously dyed area, thereby providing for in situ dye diffusion 
primarily along a boundary between the two unfixed dye areas. 

[00075] Because the initial solid shade is of a light, neutral color, it lends itself 
quite well to providing a fixed, aesthetically pleasing background against which the 
effects of the patterning dyes, singly and in blended combinations, can be displayed, and 
also appears to contribute visually and aesthetically, if not physically, to the in situ 
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blending of the various patterning dyes on the substrate. 

[00076] A particular advantage is provided in a process for manufacturing carpet 
wherein a yarn comprising one or more low melt fibers in combination with wool and/or 
one or more standard or high melt fiber constituents is dyed imagewise in a pixelated 
printing process. In particular, the consistency of the yarn head, as described in 
reference to Figs. 3B and 3D, greatly decreases the diffusion, or spread, of fibers within 
the yarn. As a result, individual yarn heads can be dyed independently of the adjacent 
yarn heads. Furthermore, the yarn heads are sufficiently discrete to allow each yarn head 
to receive multiple pixels of dye. The effective image resolution of the patterned image 
is much higher than that obtained with prior art yarns. The yarn heads of prior art yarns 
tend to intermingle. As a result of intermingling a single pixel of dye will be received by 
an individual dye head as well as those fibers from neighbouring yarn heads. As the 
fibers of the yarn head move the pattern becomes diffuse thereby obscuring any fine 
print. As a result, the carpet manufacturer has been limited to patterns which are already 
diffuse and which are not rendered aesthetically unpleasing when further diffused. 

[00077] The carpet manufacturer has heretofore been limited to two relatively 
unacceptable methods for creating patterned carpet. Either the yarn is pre-colored and 
tufted in a pattern or the yarn is printed or dyed, such as dyed in a pixelated fashion by a 
Millitron™ jet dye machine after tufting. If pre-colored yarn is used the cost of 
manufacturing increases due to the demand that sufficient inventory of each colored yarn 
be maintained. Also, image resolution is still less than a single yarn head due to fibers 
intermingling between yarn heads. If the yarn is dyed after tufting, the resolution is 
limited due to fibers intermingling. Fibers from adjacent yarn heads are colored or they 
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intermingle after coloring to diffuse the image. Both of these prior situations may be 
improved by use of the low melt content yarns of the present invention. 

[00078] A dyed or patterned image is susceptible to wear as is well known in the 
art. With an image that is designed to be aesthetically pleasing when diffused this is of 
minimal concern. With a higher resolution pattern, wear is a critical concern. If the high 
resolution image is diffused by wear, the resolution is lost and therefore the advantages 
are mitigated. Therefore, one would ordinarily be expected to avoid high resolution 
images, or images with small pixels, due to the adverse effects of wear. It is a surprising 
result that a carpet manufactured according to the present invention demonstrates wear 
resistance, in terms of image retainability, which is superior to prior products as 
indicated in the following examples. 
EXAMPLE 1 

[00079] A control carpet (CI) was prepared comprising 100% nylon fibers. The 
carpet comprised a yarn count of about 3.1, about 4.5 to 5.0 twist per inch and about 19 
dpf. 

[00080] An inventive carpet (II) was prepared in a manner consistent with control 
(CI) with the exception of incorporation of a low melt fiber insert. The low melt fiber 
was inserted during the doubling process. A motion detector, wired to a PLC at the 
winding frame was incorporated to stop the spindle from doubling yarn whenever lack of 
movement from the low melt fiber was detected. 

[00081] The control carpet (CI) and the inventive carpet (II) were tested visually 
and with a Hexapod Drum Tester (ASTM D-5252) or Hexapod Tumbler (ISO/TR 
10361) for the number of cycles indicated in Table 1. Each test specimen was removed 
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every 2000 cycles for restoration by vacuuming. An electrolux upright vacuum cleaner 
(Discovery II) was used to make four (4) forward and backward passes along the length 
of the specimen. The samples were assessed using daylight equivalent vertical lighting 
(1500 lux). Samples were viewed at an angle of 45 degrees from a 1.5 meter distance, 
judging from all directions. Ratings were based on CRI TM-101 Photographic Scales 
with a rating index as follows: 5 = negligible or no change; 4 = slight change, 3 = 
moderate change, 2 = considerable change, l=severe change. The samples were also 
measured for pile height before and after testing to obtain a pile height retention value. 
TABLE 1: 

Cycles Overall Appearance Color Change Pile Height Retention 

Ci n Ci li CI u 

4000 4 4 3 3 82.9% 80.2% 

12000 2.5 3 2 2 64.7% 76.1% 

The specimens were visually inspected after 12,000 cycles. The inventive sample (II) 
had a sharper image as visualized in a Hapsburg Pattern. The edges of lines were clearly 
evident in the inventive sample while the line edges were diffuse in the control sample. 
The yarn head tufts were clearly visible in the inventive sample while those of the 
control sample were not as readily visible. Color saturation and contrast were retained in 
the inventive sample. The color saturation and contrast of the control sample (CI) was 
inferior to the inventive sample (II) both before and after testing. A visual comparison 
of the tested samples with untested samples revealed that the color saturation and 
contrast was depleted in the tested control relative to the untested (no wear) control. The 
color saturation and contrast remained with minimal depletion in the tested inventive 
sample relative to the untested (no wear) inventive sample. 
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EXAMPLE 2 

[00082] A control sample (C2) and inventive sample (12) were prepared and tested 
as described in Example 1. The results are provided in Table 2. 
TABLE 2: 

Cycles Overall Appearance Color Change Pile Height Retention 





C2 


12 


C2 


12 


C2 12 


4000 


4 


4.5 


5 


4-5 


91.4% 94.3% 


12000 


3 


3.5 


4 


4 


81.7% 86.2% 



[00083] A visual evaluation, and comparison of the tested samples with untested 
samples, yielded results substantially similar to those recorded relative to Example 1. 

[00084] In accordance with the present invention, the addition of a "low melt" 
polyester or nylon (such as manufactured by Solutia) during the yarn manufacturing 
process (whether all one type of fiber or a blend of multi-types such as wool, nylon, a 
combination of these or others) results in a yarn after the heat set process that has 
enhanced end point definition and optical color evenness when put into a carpet base and 
dyed by a jet dye machine. Both staple and filament low-melts will work but the 
filament low-melt is preferred. 

[00085] Even after extended wear tests, the carpet of the present invention shows 
less evidence of "sueding" - a phenomenon in typical carpet where over time the yarn 
bundles begin to weaken and bend, resulting in wear on the non-tip surface of the yarn 
resulting in worn/pulled/broken fibers. These broken fibers give a muted appearance to 
the carpet which changes to another shade when a hand or vacuum is run over the carpet 
(hence the term "sueding"). The present invention reduces this problem. 

[00086] Additionally, yarn of the present invention enhances any jet dyeing 
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operation due to the nature of the yarn being more erect in the carpet at the dyeing 
process, hence the dye which is streamed to exact points on the carpet face is more apt to 
be applied where, and in the quantities, intended. 

[00087] Other objects of the invention are to enhance the dyeability of carpet, the 
appearance of the carpet over time, both the color and the patterning detail, and the life 
of the yarn bundle itself. 

[00088] In at least one embodiment, the present invention addresses the problem of 
"sueding" in tufted carpet and increases the effective life of the carpet, especially woven 
carpet. It also improves the dyeing of the carpet where pattern is applied by jet dyeing 
and the effective life of the color and pattern detail. 

[00089] In at least one embodiment, the present invention provides one or more of 
the following advantages: 

[00090] 1) Extends the effective life of carpet, an advantage for the consumer 
and an environmental enhancement (less landfill, less recycling). 

[00091] 2) By being added at the beginning of the product cycle, eliminates 
the need for elaborate rollers, steaming and the like at pre-dyeing to stand the fiber 
bundles upright for dyeing. 

[00092] 3) Enables greater detail in dyeing patterns when combined with 
proprietary dyeing processes such as the Millitron™ jet dye machine. 

[00093] 4) Addresses the "sueding" problem eliminating the need for post 
installation shearing of carpet to remove broken or loose fibers to return the original 
appearance to the carpet. 

[00094] 5) Reduces fiber shedding. 



Customer No. 25280 



Case 5505B 



26 

[00095] In accordance with at least one embodiment, the present invention allows 
for the twist lock of multiple yarn plies together, reduces sueding of spun carpets, and 
allows an insert fiber to be added to yarn on existing equipment and processes. 

[00096] In accordance with one example of the present invention, a nylon yarn is 
replaced with a nylon yarn having a low melt insert. In a more particular example, a two 
ply nylon yarn is replaced with a two ply nylon yarn including a low melt yarn insert 
added during the doubling or winding step to form a low melt containing yarn having the 
low melt dispersed throughout the yarn as contrasted to adding the low melt in spinning 
or twisting. It is preferred to use a low melt nylon, such as a nylon 6 or nylon 6,6, so that 
it will dye similarly to the nylon or wool of the nylon yarn, wool yarn, or nylon/wool 
blend yarn. 

[00097] In accordance with one example, it is preferred that the low melt fibers, 
filaments, threads, or yarns, represent less than about 20% by weight of the total yarn, 
more preferably less than 10%, and most preferably less than 5%. 

[00098] In a visual inspection of prior patterned carpet and patterned carpet having 
the low melt content of the present invention, the low melt content carpet has an over all 
better appearance, better color, brighter color, a little harder hand, tighter yarn heads, 
defined yarn heads, finer detail, and the like. After wear testing, the low melt content 
carpet still has better color, better resolution, tighter yarn heads, less visible wear, and 
the like than a prior patterned carpet subjected to wear. 

[00099] In accordance with another example, a wool yarn is replaced with a wool 
yarn having a low melt insert. 

[000100] In accordance with still yet another example, a wool/nylon blend yarn is 
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replaced with a wool/nylon blend yarn having a low melt insert. 

[000101] The invention has been described with particular emphasis on the 
preferred embodiments. It will be realized from the teachings herein that other 
embodiments, alterations, and configurations could be employed without departing from 
the scope of the invention which is more specifically set forth in the claims which are 
appended hereto. 



